Four experiments examined the role of a pragmatic constraint, the modifiability of noun phrases (NPs), in the modification of complex NPs. Experiment 1 demonstrated that NPs that had received relatively specific prior modification were less likely to take additional modification than NPs with less specific modification. This effect obtained in both Spanish and English using two off-line tasks. Experiments 2 and 3 demonstrated on-line modifiability effects for both languages using a self-paced reading task. The results further suggested that although Spanish and English speakers may have opposing modification preferences, modifiability constrained their interpretations in the same direction. The results of Experiment 4 suggested that discrepancies between the off-line results from Experiment 1 and the on-line results from Experiment 3 may be due to task differences. Implications are discussed in relation to current models of sentence processing.
ish and English speakers use pragmatic information to comprehend an ambiguity that is present in both languages. The similarities and differences in ambiguity resolution across these two languages offer some important insights into theories of sentence processing.
Cross-Linguistic Data
The most informative cross-linguistic investigations of ambiguity resolution to date have been those that compare two or more languages that share a particular syntactic ambiguity, rather than comparisons of different ambiguities in different languages. One syntactic construction that has been particularly useful in this regard is a noun modification ambiguity with the structure NP1 preposition NP2 modifier, in which the final modifying phrase may modify either the more distant noun phrase, NP1, or the nearer (often termed local) noun phrase, NP2. A Spanish example is in (1): (1) La hija del coronel que tuvo el accidente "The daughter of the colonel who had the accident"
This ambiguity is present in a large number of languages, including English, Dutch, Spanish, French, Italian, and German (Brysbaert & Mitchell, 1996; Cuetos & Mitchell, 1988; De Vincenzi & Job, 1995; Gibson et al., 1996; Gilboy et al., 1995; Hemforth, Konieczny, & Scheepers, in press; Zagar, Pynte, & Rativeau, 1997) . Comprehenders of most of these languages appear to exhibit an overall preference to interpret ambiguous modifiers as modifying the distant site (NP1), whereas English speakers tend to interpret modifiers as attaching to the local site (see Mitchell & Brysbaert, 1998 , for a review). There have been a number of proposals attempting to account for these data. For example, Mitchell and Cuetos (1991) offered the linguistic tuning hypothesis, an exposure-based parsing mechanism for which initial parsing decisions are set in each language on the basis of the frequency distribution of the occurrence of different structures. Although tuning can theoretically occur using a variety of information (Mitchell, Cuetos, Corley, & Brysbaert, 1995) , work done within this framework has typically assumed that tuning occurs at a structural grain, in which the frequencies of syntactic structures, independent of lexical or discourse content, shape ambiguity resolution preferences.
In contrast, Gibson and colleagues (Gibson et al., 1996; Gibson, Pearlmutter, & Torrens, in press ) have proposed that cross-linguistic variation in these cases is caused by differential weighting of two universal parsing principles: recency preference, which favors local attachment (cf. late closure, Frazier & Rayner, 1982 , and right association, Kimball, 1973) , and predicate proximity, which favors distant attachment. Gibson et al. (1996) argued that although the influence of recency is fixed across languages, the strength of predicate proximity could vary cross-linguistically. In order to test predictions from this model, they examined NP modification ambiguities containing three possible attachment sites and found support for both principles in both Spanish and English, local attachment was preferred, followed by distant attachment, whereas middle attachment was the least preferred. Hemforth et al. (in press ) proposed a similar twoprinciple model. The first of their principles attaches incoming constituents to the phrase whose head has most recently been encountered. This principle functions solely on the basis of syntactic information and is for the most part equivalent to Frazier and colleagues' late closure or Gibson and colleagues' recency principle. The second of their principles binds anaphors to their antecedents. Thus, relative clause attachment is subject to the second principle, and preferences may vary cross-linguistically. Prepositional phrases (PPs) however, should always initially attach locally.
These accounts are notable in that the cross-linguistic differences are generally thought to rest in different treatments of structural information, not in differences in the use of non-syntactic information cross-linguistically. Other approaches to sentence processing, however, permit a more prominent role for non-syntactic information in sentence processing and thus in explanations of cross-linguistic variation. One of these is construal (Frazier & Clifton, 1996 , 1997 Gilboy et al., 1995) , a parsing theory with origins in the garden-path model of sentence processing (Frazier, 1987) . In the garden-path model, parsing was thought to initially be influenced only by syntactic information, but in construal theory, the way in which non-syntactic information is used depends on the type of ambiguity. In this account, ambiguities with primary phrases, which include phrases that could be taken as obligatory arguments of a subject or its main predicate, are handled in the two-stage process as in the garden-path model. Ambiguities with non-primary phrases, including relative clauses as in the modification ambiguity in (1) , are subject to construal, a mechanism that probabilistically associates a phrase into the current structure using both syntactic and non-syntactic information. In a comparison of off-line interpretation preferences in Spanish and English noun modification structures, Gilboy et al. (1995) found support for construal with evidence that relative clause attachment to complex NPs was mediated by two types of non-syntactic information: a noun's argument structure and referential properties of the individual NPs.
Constraint satisfaction theories allow an even larger role for non-syntactic information in ambiguity resolution (Garnsey, Pearlmutter, Myers, & Lotocky, 1997; MacDonald et al., 1994; Spivey-Knowlton & Sedivy, 1995; Trueswell, Tanenhaus, & Garnsey, 1994) . These models propose that processing is constrained by the strength of each source of information, resulting in the partial activation of the different structural possibilities. Within this framework, difficulty in interpreting an ambiguity arises not because of inconsistency with strict parsing principles, but because the correct resolution of an ambiguity is inconsistent with probabilistic information. Although constraint-based models predict that cross-linguistic differences should occur when probabilistic information differs between languages, little cross-linguistic work has been done within this framework.
These two broad classes of theories, structural and constraint-based, differ on the role of non-syntactic information in parsing and thus on the role of such information in explaining cross-linguistic differences. Proponents of the structural theories have emphasized the overall tendencies of a particular language, owing to structural principles (e.g., Gibson et al., 1996) or sensitivity to structural statistics (e.g., structural-level tuning; Mitchell et al., 1995) . Advocates of more constraint-based accounts, however, have emphasized variation within a language, observing that interpretation preferences for individual sentences can vary a great deal as a function of the particular lexical or discourse properties of the sentence (e.g., Gilboy et al., 1995) . Such variation can make cross-linguistic comparisons quite complicated, in that merely translating sentences from one language to another is not guaranteed to yield the same lexical or discourse constraints. Cross-linguistic comparisons could also be quite informative, however, in that evidence concerning the similarities and differences in use of nonsyntactic information across languages could help develop a general account of how structural and non-structural information is integrated in sentence processing.
Thus, the contrast between the processing of modification ambiguities in Spanish and English represents a good example of both the difficulties in cross-linguistic research and the potential usefulness of such studies. There do appear to be real overall biases across Spanish and English, with a generally stronger preference for distant modification in Spanish and local modification in English (Mitchell & Brysbaert, 1998) . These preferences are not absolute, however; Spanish comprehenders do not interpret NP modification ambiguities with the NP1 modification 100% of the time, and English comprehenders do not interpret these ambiguities with NP2 modification 100% of the time (Carreiras & Clifton, 1993) . Ambiguities with a noticeable but not overwhelming interpretation preference are ideal candidates for examining the role of discourse and pragmatic processes in ambiguity resolution (see Britt, 1994; MacDonald et al., 1994; Spivey & Tanenhaus, 1998; Spivey-Knowlton & Sedivy, 1995) .
We suggest that a pragmatic factor, which we term modifiability, affects interpretation of modification ambiguities in both Spanish and English. Our claim is not that this modifiability constraint is the only factor in resolution of this ambiguity; several researchers have shown how discourse information can interact with lexical information in modification ambiguities (e.g., Britt, 1994; Spivey-Knowlton & Sedivy, 1995) . Our claim is also not about the precise time-course of use of this factor as opposed to other factors; this ambiguity does not always provide a precise point of disambiguation or an unambiguous baseline that would be important for time-course analyses. Instead, the issue is whether a pragmatic constraint will have similar effects in two different languages, despite the fact that the overall attachment biases in the two languages appear to go in opposite directions. The existence of at least some common pragmatic effects on ambiguity resolution crosslinguistically would have important implications for universal and language-specific factors in sentence processing. Following a description of modifiability, we discuss the predictions of alternative accounts of cross-linguistic ambiguity resolution.
Noun Phrase Modifiability
Although much of the debate over the influence of nonsyntactic information has focused on the role of lexical information in sentence processing, a number of studies have demonstrated the important influence of pragmatic information on processing (Altmann & Steedman, 1988; Altmann, van Nice, Garnham, & Henstra, 1998; Crain & Steedman, 1985; Spivey-Knowlton & Sedivy, 1995) . Speakers often choose to modify the nouns in an utterance, as in the big cat or the cat on the rug. Modification serves many functions in the discourse, including singling out a particular entity from a set of possible referents; the big cat distinguishes one cat from a smaller one, and the cat on the rug distinguishes this cat from the one on the chair (see Birner & Ward, 1994; Kadmon, 1990 , for discussion of uniqueness). In most discourses, the amount of modification needed to distinguish one entity from the set of potential referents is fairly small. Given only a few cats in a room, for example, it is not necessary to say the big Persian cat with two white paws and one black ear that's sitting on the stack of newspapers to distinguish it from other cats, and the addition of this nonessential information flouts Grice's Maxim of Quantity: speakers should be concise and say no more than is necessary (Grice, 1975) .
Although previous work on referential theory (e.g., Altmann & Steedman, 1988; Crain & Steedman, 1985) and on the semantics of reference in general (e.g., Enç, 1991; Kadmon, 1990 ) has divided NPs into discrete categories (e.g. specific vs. non-specific or unique vs. non-unique), in the present article we propose that modifiability is a continuous variable. Our claim is that comprehenders are sensitive to the fact that a modest amount of modification is the norm, such that the more modification an NP has received at a certain point in the discourse, the less additional modification is expected. When applied to parsing of ambiguous modifying expressions, the claim is that an NP that has received little prior modification is a better candidate for additional modification than an NP that has already been extensively modified.
If the degree of prior modification affects comprehenders' perceptions of the felicity of further modification, then these computations could have substantial effects on ambiguity resolution. That is, in NP1 preposition NP2 structures, manipulations of the degree of modification that NP2 receives (e.g., with prenominal modification, as in the famous Shakespearean actress) should decrease the acceptability of this site for further modification, and thus interpretations of an ambiguous phrase modifying the alternative NP1 site should increase as prior modification to the NP2 site increases. This is the hypothesis that is explored in the four experiments below.
Because the Gricean principles underlying the modifiability predictions are thought to be universal pragmatic principles (Green, 1990) , we also predict that modifiability should affect ambiguity resolution in complex NP modification structures in a similar manner for both Spanish and English. Thus, even though the two languages may exhibit opposing attachment preferences, we expect that modifiability should constrain preferences in NP1 preposition NP2 modifier structures, such that distant attachment will become more likely as NP2's modifiability decreases. Experiment 1 is an off-line study that uses both ratings and sentence completion tasks to assess directly (a) whether prenominal modification affects the felicity of further modification in Spanish and English and (b) whether variations in prenominal modification affect sentence completions. Experiments 2-3 then investigate how manipulations of prenominal modification affect the interpretation of ambiguous modifying phrases during on-line processing. Experiment 4 examines differences observed between the off-line English results of Experiment 1 and the on-line English results of Experiment 3.
Experiment 1
The purpose of this experiment was to determine offline attachment preferences to complex NPs in Spanish and English, and whether these preferences are affected by an NP's modifiability. Spanish and English speaking participants were given either a ratings task (Experiment 1a) or a sentence completion task (Experiment 1b) in their native language. For the ratings task, pairs of NPs were created, containing the same noun and number of words, that differed in the relative specificity of their prenominal modification. For any given item, the easy modification condition was less specific than the difficult modification condition. Participants were given one member of each of the pairs and were asked how difficult it would be to modify them using a phrase beginning with con, for Spanish participants, or with, for English participants, testing the hypothesis that participants would rate the less specific member of a pair as easier to further modify than the more specific one. For the sentence completion task, the NPs rated in Experiment 1a were placed in the NP2 position in the structure NP1 preposition NP2 con/with, and participants were instructed to complete the fragments with the first continuation that came to mind. Responses were scored as attaching to one of the two NPs. We predicted that fragments containing NP2s that were rated as difficult to modify would be less likely to receive local (i.e., NP2) modification than those whose NP2 was an NP rated as easy to modify.
Researchers working on cross-linguistic issues frequently use direct translations so as to be able to make direct comparisons between languages (e.g., Gibson et al., 1996) . In developing our Spanish and English materials, we made a decision that stands in contrast with this tradition, in that direct translations between Spanish and English materials were purposefully avoided. Our view is that the use of direct translations is not always the best strategy in studying cross-linguistic sentence processing, as cognate sentences may often sound awkward in one language. For example, consider the Spanish phrase las sábanas de una cama. This item sounds natural in Spanish, but the English translation, the sheets of a bed, is extremely awkward; English speakers would typically say the bed sheets to convey the intended meaning. Thus, direct translations are not guaranteed to yield the same lexical and discourse constraints; if we had used direct translation in this case, we would be comparing Spanish comprehenders' performance on a natural item with English comprehenders' performance on an awkwardly phrased item. To avoid this confound, we created items that sounded relatively natural in each language, without the constraint that Spanish and English items be close translations of one another.
Method: Experiment 1a

Participants
Spanish. Thirty-two University of Southern California undergraduates participated as volunteers. All participants were native speakers of Latin American dialects of Spanish, and were from one of the following countries: Argentina, Chile, Colombia, Costa Rica, El Salvador, Guatemala, Mexico, Nicaragua, or Venezuela. They were recruited from international students' associations and similar venues, so as to obtain participants for whom Spanish was the first language acquired and was still used often.
English. Sixty University of Southern California undergraduates participated for partial credit in an introductory psychology class. All were native speakers of American English.
Materials
Spanish. Thirty-two pairs of simple two-or three-word Spanish NPs were created. Both members of a pair contained the same noun and number of words, but the type of prenominal modification was manipulated at two levels. For the easy modification condition (henceforth the easy condition), stimuli were designed so that the NP was left as vague and unspecific as possible. This condition contained NPs that were unmodified and contained an indefinite article (e.g., una mansión, "a house"; un país, "a country"). For the difficult modification condition (henceforth the difficult condition), the NPs either contained a definite article or a possessive pronoun, and several items contained additional modification (e.g., mi mansión, "my house"; el país vecino, "the neighboring country"). Two lists were created in a counter-balanced fashion, with equal numbers of easy and difficult items. Each item appeared only once on each list.
English. Forty-two pairs of simple two-to four-word English NPs were created. Both members of a pair contained the same noun and number of words, again manipulating the type of prenominal modification. The easy condition contained unmodified NPs or NPs with prenominal modification that set up a contrast set (e.g., only, Ni & Crain, 1990 , or superlatives) (e.g., the only hall, the lab). For some items, prenominal modification that did not identify the NP as a specific instance was used to control for length across conditions (e.g., an enamel sink). In contrast, the difficult condition contained either possessive modification (e.g., possessive nouns or pronouns) or prenominal adjectives that identified NP2 as a specific item (e.g., my front hall, his lab, our kitchen sink). Two counter-balanced lists were created.
Procedure
The procedure was identical for both the Spanish and English versions. Participants received the list of NPs on paper and were instructed, in their native language, to rate on a 7-point scale how easy it would be to continue each NP with a phrase beginning with con (Spanish version) or with (English version). A rating of 1 indicated that the NP would be very difficult to further modify with a con/with phrase and a rating of 7 indicated that the NP would be very easy to further modify. The entire procedure took about 15 min.
Results: Experiment 1a
Spanish. For the Spanish items the overall mean rating was 4.85 (SD = 1.02). The easy condition (5.23, SD = 1.00) was rated as being significantly easier to further modify than the difficult condition (4.47, SD = .89), F 1 (1, 31) = 18.72, p < .001; F 2 (1, 31) = 25.69, p < .001.
English. For the English items, the mean overall rating was 4.47 (SD = .84). As in Spanish, the easy condition (4.79, SD = .82) was rated significantly easier to further modify than the difficult condition (4.15, SD = .74), F 1 (1,
These results confirm our claim that the type of prenominal modification an NP has received affects the perceived felicity of further modification. Experiment 1b used the same NPs as in Experiment 1a and investigated the effects of modifiability on NPs embedded in sentence contexts, using a sentence completion task. The prediction was that sentence completions would be more likely to modify the easy NPs than the difficult ones.
Method: Experiment 1b Participants
Spanish. Twenty-eight University of Southern California undergraduates participated as volunteers. All were native speakers of Latin American dialects of Spanish and were from one of the following countries: Argentina, Bolivia, Chile, Colombia, Costa Rica, El Salvador, Guatemala, Mexico, Nicaragua, Uruguay, or Venezuela. They were recruited in a manner similar to Experiment 1a. None had participated in Experiment 1a.
English. Sixty-four University of Southern California undergraduates participated for partial course credit in an introductory psychology course. All were native speakers of American English. None had participated in Experiment 1a.
Materials
Spanish. Thirty-two pairs of Spanish sentence fragments with the structure NP1 preposition NP2 con were created using the Spanish NPs from Experiment 1a in the NP2 position; the easy condition used the easy NPs from Experiment 1a, whereas the difficult condition used the difficult NPs from Experiment 1a. All NP1s consisted of a definite determiner followed by a noun. Examples are presented in (2) . (2) a.
NP2 rated as easy to modify: Las sábanas de una cama con "The sheets of a bed with" b. NP2 rated as difficult to modify: Las sábanas de mi cama con "The sheets of my bed with"
English. Forty-two pairs of English sentence fragments of the structure NP1 preposition NP2 with were created using the English NPs from Experiment 1a in the NP2 position; the NP2 easy condition used the easily-modified NPs in NP2 position, whereas the NP2 difficult condition used the NPs that were difficult to modify. Examples are presented in (3): (3) 
Procedure
The procedure was identical for both the Spanish and English versions. Stimuli were presented on paper in random order. Two presentation lists were created with an equal number of items from each condition. Each item appeared only once on each list. Two practice items of the same structure were composed. Participants were instructed in their native language to complete the experimental items with the first thought that came to mind. The entire procedure took about 15 min.
Results: Experiment 1b
Completions were scored by two native Spanish speakers (for Spanish completions) or English speakers (for English completions) as attaching either to NP1 or to NP2, and any ambiguous attachments were excluded from the analysis (none of the Spanish completions and 1.1% of the English completions).
Spanish. Overall, 69.0% (SD = 26.2) of all attachments were to NP1. A single-sample t-test revealed that overall performance differed significantly from chance, t(27) = 2.23, p < .05, indicating a robust NP1 attachment preference. As shown in Figure 1 , this preference was mediated by modifiability, such that there were significantly more NP1 attachment completions in the NP2 difficult condition than in the NP2 easy condition, F 1 (1, 27) = 15.87, p < .001; by modifiability, such that there were significantly more NP1 attachment completions in the NP2 difficult condition than in the NP2 easy condition, F 1 (1, 63) = 59.72, p < .001; F 2 (1, 41) = 12.07, p < .001.
Discussion
Together, the results from Experiments 1a and 1b suggest a link between modifiability and ambiguity resolution in both Spanish and English. Experiment 1a demonstrated that, for a given item, the relatively specific version was rated significantly harder to further modify than the less specific version. Experiment 1b demonstrated that when the NPs rated as difficult were placed in the NP2 position of NP1 preposition NP2 con/with fragments, participants were more likely to modify NP1 than when the NPs rated as easy were used. The results further demonstrated that this pragmatic constraint holds cross-linguistically. Figure 1 shows that the pattern of results for both Spanish and English was quite similar. Although the results in both languages evidenced a general preference for distant attachment, this preference was stronger for the difficult condition; as the rated modifiability of an NP decreased, the likelihood that it would take modification compared with a easy NP decreased.
The overall distant (NP1) attachment preference for PPs in Spanish is generally consistent with other Spanish studies of relative clause attachment (Carreiras & Clifton, 1993, in press; Cuetos & Mitchell, 1988; cf. Gibson et al., 1996; Gilboy et al., 1995) . The NP1 attachment preference found here for English, however, differs from the general local (i.e., NP2) attachment preference for relative clauses (Gibson et al., 1996) . The overall distant attachment preference for both languages is also inconsistent with on-line data that suggest a general local attachment preference for PPs in Italian (De Vincenzi & Job, 1995) and German (Hemforth et al., in press ).
Some of this variability is likely due to our modifiability manipulation, which was not considered in these prior studies. In fact, even in our NP2 easy condition, nonspecific prenominal modification was used to control for length. Thus, even our easy modification condition may have been more specific than previous studies, which typically had no prenominal modification at all. Another potential factor may be the particular choice of stimulus phrases. The set of items in any two experiments may have different attachment biases, and in placing a premium on phrase naturalness in both languages, our stimulus items may be quite different in character from those in studies that emphasized direct translation across languages. It is also possible that some of this variation in attachment preference owes to the form of measurement; some researchers have suggested that on-line tasks may draw on more implicit processing, compared with off-line tasks, which often require more explicit forms of judgment (Tyler, 1992) . Before exploring how attachment preferences might vary with the task, we must first establish the extent to which on-line preferences for our stimuli vary from the off-line ones observed in Experiment 1. Experiments 2-3 addressed this question and also assessed whether the hypothesized effects of modifiability obtained in an on-line task.
Experiment 2
This experiment assessed on-line attachment preferences in Spanish, and Experiment 3 does the same for English. We begin with Spanish because it appears to be the more straightforward case, in that our off-line data appear to be more consistent with other studies for Spanish than for English.
To collect on-line reading data reflecting the relative difficulty of NP1 versus NP2 attachment, we created complete sentences from fragments used in Experiment 1b with information that semantically disambiguated the attachment of the ambiguous con phrase. A self-paced reading task was used to collect reading times for each word in these sentences, with the critical region being the disambiguating con-phrase and the next several words.
Reading times in the critical regions will be relevant to two issues. The first of these is whether on-line measures will replicate the NP1 attachment bias observed for these items in Experiment 1. This pattern would be revealed by a main effect of attachment in the disambiguation region, such that PPs with an NP1 attachment disambiguation yield shorter RTs than those with an NP2 attachment disambiguation. Second, we investigated the role of modifiability in ambiguity resolution. An effect of modifiability would be revealed by an interaction of attachment and modifiability in the disambiguating regions, such that RTs are shorter for NP1 attachment in the difficult NP2 modification condition versus the easy NP2 modification condition.
Method
Participants. A total of 40 students participated; 26 of these were university students from Los Angeles and the remaining 14 were university students from Caracas, Venezuela. The Los Angeles participants were recruited in the same manner as in Experiment 1 and did not participate in Experiment 1. All participants were speakers of Latin American dialects of Spanish and were from one of the following countries: Argentina, Chile, Colombia, Cuba, El Salvador, Ecuador, Mexico, Nicaragua, or Venezuela. All of the Venezuelan participants were native speakers of Venezuelan Spanish. All participants either were volunteers or were paid for participation. An additional 5 participants were excluded from subsequent analyses for missing more than 20% of the comprehension questions.
Materials. Complete sentences were created from the 28 Spanish fragments used in Experiment 1b that evidenced the most robust differences in attachment preference between conditions. Endings that semantically disambiguated the attachment of the ambiguous PP modifier as attaching to either NP1 or NP2 were created, yielding four conditions per item (NP2 difficult vs. NP2 easy x NP1 vs. NP2 modification disambiguation). The disambiguations all consisted of a three-word PP of the form con-adjective-noun or connoun-adj, as some adjectives in Spanish are prenominal and others are postnominal. Thus the onset of the disambiguation information is variable across items but should be available by the third (and last) word of the PP. A passive verb phrase followed the PP. The passive phrase was completed by either a simple NP (e.g., ...fueron otorgadas territorios propios, "...were given their own land"), a PP (e.g., ...fue encontrado en el basurero, "...was found in the trash" ), or adjunct predication (e.g., ...fueron matadas una por una, "...were killed one by one"). These items were combined with 5 practice and 30 filler items to create four counterbalanced presentation lists. A yes/no comprehension question was composed for each item. An example of the experimental items is given in Table 1 and all materials appear in Appendix A.
Procedure. The materials were presented on a computer screen using a single-word, self-paced reading task. All materials and written instructions were presented in Spanish, and the experimenter, a native speaker of Spanish, spoke only in Spanish during the testing session. At the beginning of each trial, a line of dashes appeared on the screen, with each dash representing a character in the sentence. Participants then pressed a key to see each word of the sentence in a non-cumulative fashion (Just, Carpenter, & Woolley, 1982 ). The keypress that ended the presentation of the last word of a sentence triggered the presentation of the yes/no comprehension question. Participants answered the question by pressing a key marked either "sí" or "no" and were given feedback on screen about their accuracy. Testing occurred either at the University of Southern California or in a quiet testing room in Caracas, Venezuela. Following the practice items, the experimental items and fillers were presented in random order. The experimental session took less than 25 min.
Results and Discussion
For each participant, we calculated a regression equation across all experimental items and fillers to determine a residual reading time for each word (Ferreira & Clifton, 1986) . The motivation for this conversion was twofold: (a) to make comparison across conditions that varied in number of characters possible and (b) to reduce variance across participants due to different overall reading times and sensitivity to variations in word length. The length-adjusted reading times that were more than two standard deviations from the mean were trimmed for each word in each condition, which excluded about 3.8% of all observations. Overall, participants answered 97% (SD = 3.96) of the comprehension questions correctly, and only items that were answered correctly were included in analysis.
Word Position
Length Adjusted RTs (ms) Reading times in the critical regions and next several words are shown in Figure 2 , and F values from ANOVAs are contained in Table 2 . There were no reliable effects for the first two words in the temporarily ambiguous PP, but there was a reliable modifiability x attachment disambigua- tion interaction at the disambiguating word at the end of the PP, position 3. This interaction was such that for the NP2 easy condition, reading times did not differ as a function of attachment disambiguation, but for the NP2 difficult condition, reading times for the NP2 attachment disambiguation were significantly longer than for the NP1 attachment disambiguation. There were no reliable effects at any subsequent word positions.
To determine if attachment preference did indeed shift as a result of the modifiability manipulation, we performed pairwise comparisons between NP1 and NP2 attachment at each level of modifiability at Word Position 3. In the NP2 easy condition, there was no significant effect of attachment (Fs < 1). In the NP2 difficult condition, however, there was a significant effect of attachment, such that reading times for NP1 attachment were significantly shorter than for NP2 attachment, F 1 (1, 39) = 11.44, p < .01; F 2 (1, 27) = 6.06, p < .05.
Unadjusted means from the data used in the analyses are presented in Appendix B. The results from ANOVAs on the unadjusted means are also presented in Appendix B, and they reveal the same pattern of results as in the lengthadjusted data, including the crucial significant interaction of modifiability and attachment at Word Position 3, F 1 (1, 39) = 6.30, p < .05; F 2 (1, 27) = 4.77, p < .05.
To determine if any reading time patterns varied with participant population, we carried out analyses on unadjusted reading times with testing location (Los Angeles vs. Caracas) as a factor. There was no main effect of population on reading times, Fs < 1 (overall mean RTs: Los Angeles = 460 ms, SD = 121 ms; Caracas = 490 ms, SD = 98 ms). To ensure that the critical pattern of results at Word Position 3 did not differ with population, an additional ANOVA was carried out, with attachment, modifiability, and population as independent variables. There was no main effect of population, and there were no significant interactions between population and modifiability or population and attachment (all Fs < 1.5).
This pattern of reading times clearly replicates the offline Spanish results from Experiment 1. Both experiments demonstrated a robust effect of modifiability in Spanish, such that as the modification to an NP became more specific, participants were less likely to interpret it as receiving subsequent modification. The results of Experiment 2 are also consistent with other studies showing that Spanish does not exhibit a local attachment bias (e.g., Cuetos & Mitchell, 1988) , although many of these studies have found a distant attachment bias, which was present only in our NP2 difficult condition. In Experiment 3, we used the same on-line methodology as in Experiment 2 to investigate the effects of NP modifiability in English, which has been claimed to have a general local attachment preference (Frazier, 1987; Frazier & Rayner, 1982; Gibson et al., 1996) .
Experiment 3
Method
Participants. Forty-eight University of Southern California undergraduates were paid for participation. All were native speakers of American English, and none had participated in Experiment 1. Six additional participants were excluded from the analyses either for having a mean reading time more than two standard deviations from the overall mean or for missing more than 20% of the comprehension questions.
Materials. As in Experiment 2, complete sentences were created from the 32 English fragments used in Experiment 1b that demonstrated the most robust differences in attachment preference between conditions. Endings that semantically disambiguated the attachment of the ambiguous PP modifier as attaching to either NP1 or NP2 were created, yielding four conditions per item. The disambiguations all consisted of a three-word PP of the form with-adjectivenoun, so that disambiguating information became available by the third word of the PP. A passive verb phrase followed (e.g., ...was used by...), the agent of which was a simple, definite NP (e.g. ...the programmer). See Table 3 for an example. All materials appear in Appendix C. The stimuli were combined with 76 filler items and 6 practice items to create four lists with each stimulus appearing once in each list. A yes/no comprehension question was composed for each item. Procedure. As in Experiment 2, the materials were presented on a computer screen using a single word, self-paced reading task. The experimental session took less than 25 min.
Results and Discussion
As in Experiment 2, length-adjusted reading times were calculated for each word, and only items for which the comprehension question was answered correctly were included in analysis. Overall, participants answered 94% (SD = 5.14) of the comprehension questions accurately. The lengthadjusted reading times that were more than two standard deviations from the mean were trimmed for each word in each condition, which excluded less than 3.5% of all observations.
Mean length-adjusted reading times, trimmed at two standard deviations by subject and conditions, are shown in Figure 3 . Results of ANOVAs on length-adjusted RTs are in Table 4 . As in Experiment 2, the critical regions for this study included the temporarily ambiguous three-word PP, which was disambiguated by its last word (the noun), and the next several words, over which effects of processing difficulty might be observed. There were no significant effects of any factor at the introduction of the ambiguity, the word with. There was a main effect of modifiability at Word Position 2, the prenominal adjective, which was significant by participants and marginally significant by items, such that reading times were longer for the NP2 difficult condition than for the NP2 easy one. There was no significant main effect of attachment disambiguation and the interaction of these variables was not significant. Reading times at Word Position 3, which was the definite disambiguation ("memory" in Figure 3 ), showed a clear effect of modifiability on attachment with a reliable Modifiability x Attachment interaction at this position. This interaction also carried over to the next word position, "was" in Figure 3 . The nature of this interaction was that for the NP2 easy condition (Figure 3, top) , reading times were significantly longer for the NP1 attachment disambiguation than for the NP2 attachment disambiguation. However, for the NP2 difficult condition (Figure 3, bottom) , there was no significant difference between the NP1 and NP2 attachment disambiguations. There were also reliable main effects of modifiability at Word Positions 4 and 5, the verb phrase, such that reading times were significantly longer for the NP2 difficult condition than for the NP2 easy condition. This result suggests that when rather specific prenominal modification discourages the generally favored local modification, reading times increase over the less specific NP2 easy condition. There were no reliable effects at any of the subsequent words.
As in Experiment 2, pairwise comparisons were performed to determine if attachment preference shifted as a result of the modifiability manipulation at Word Position 3. In the NP2 easy condition, there was a significant effect of attachment, F 1 (1, 47) = 7.52, p < .01; F 2 (1, 31) = 7.60, p < .01, such that RTs for NP2 attachment were significantly shorter than for NP1 attachment. In the NP2 difficult condition, there was no significant effect of attachment (Fs < 1). 1 1 A reviewer noted that four of our items used only in the prenominal modification for the easy condition and had some concern that these items might act differently than the others. To address this concern, we conducted ANOVAs excluding these items and found the same pattern of results, including the modifiability x disambiguation interaction at Word Position 3, F 1 (1, 47) = 9.54, p < .01; F 2 (1, 27) = 7.54, p < .05, and effects in the pairwise comparison, such that the easy condition evidenced a preference for local attachment, F 1 (1, 47) = 10.23, p < .01; F 2 (1, 27) = 9.46, p < .01, that was not observed in the difficult condition, Fs < 1.5. and ps > .2 Additionally, because the modifiability manipulation Unadjusted means from the data used in the analyses are presented in Appendix D. The results from ANOVAs on the unadjusted means are also presented in Appendix D and they reveal the same pattern of results as in the lengthadjusted data, including the crucial significant interaction of modifiability and attachment at Word Position 3, F 1 (1, 47 Consistent with the results from Experiment 1, the results of Experiment 3 demonstrated the influence of the modifiability of an NP on ambiguity resolution in English. In both experiments, PP modification of NP2 is less felicitous in the NP2 difficult modification condition than the NP2 easy modification condition. The pairwise comparison at Word Position 3 also offers some support for claims that English speakers prefer local modification (e.g., Carreiras differed somewhat between items, ANOVAs were performed with type of modification (adjectival versus possessive noun/pronoun) as a factor. The results demonstrate that this factor did not have a significant effect or interact with the variables, either overall (all Fs < 1.5, all ps > .15) or at Word Position 3 (all Fs < 2.1, ps > .15). Thus, although these factors may exhibit differential effects on processing, these differences are not responsible for the effects reported here. & Clifton, in press; Frazier, 1987; Gibson et al., 1996; Phillips & Gibson, 1997) , although the NP2 attachment preference occurred only in the NP2 easy condition. The relatively specific prenominal modification in the NP2 difficult condition seemingly erased the local attachment preference. Thus, the results of Experiments 2 and 3 showed a general trend for English speaking participants to prefer local attachment more than Spanish speaking participants, but there was also a fair amount of variability in overall attachment patterns between experiments. These differences were overlapping, such that in the English NP2 difficult and the Spanish NP2 easy conditions, no strong preference for either local or distant attachment was observed. These overlapping attachment patterns are inconsistent with models, such as structural-level tuning, that claim that an individual language will prefer only the most frequent attachment pattern. Our data further suggest an important role for pragmatic and discourse information in any explanation of attachment preferences.
Although participants showed similar sensitivity to the modifiability manipulation across all three experiments, there were discrepancies between the English off-line results from Experiment 1b and the results of Experiment 3. In Experiment 1b, sentence completions revealed a distant attachment preference, whereas reading times in the present Figure 3 . Mean length-adjusted reading times, with standard error bars computed across participants, for both the NP1 and NP2 attachment disambiguation conditions from Experiment 3 experiment were longer for NP1 than NP2 attachment in the NP2 easy condition, suggesting a local attachment preference.
Discrepancies between off-and on-line data have been given a number of alternative interpretations in the literature. Within work on modification ambiguities, De Vincenzi and Job (1995) interpreted differences in off-and on-line data as supporting a two-stage parsing theory (e.g., garden-path theory). An alternative interpretation takes into account differing task demands. There were two important differences between the off-line sentence completion task in Experiment 1b and the on-line self-paced reading task in Experiment 3 that might explain the differing results. First, the off-line task imposed less time constraint than did the on-line one; second, the off-line task had a stronger production component (participants produced completions to sentence fragments), whereas the on-line task simply required participants to comprehend the sentences. The sentence completion task might have encouraged more NP1 attachment, because participants needed to produce completions relevant to the overall topic of the fragment, and in all cases, NP1 would have been the subject of the completed sentence, possibly making it more prominent than NP2. This hypothesis predicts that a more comprehension-based offline task would yield less of an NP1 attachment preference than was observed in the completion task in Experiment 1b. We explored this possibility in Experiment 4.
Experiment 4
This experiment assessed the effect of modifiability and overall attachment preferences in English using an off-line task in which participants simply rated the sentences from Experiment 3 for naturalness. This task shares aspects of both self-paced reading and sentence completion: as in selfpaced reading, naturalness rating is largely a comprehension task, and as in sentence completion, the task is offline and requires a specific choice from the participants. If the discrepancy between the English results from Experiment 1b and Experiment 3 was due to temporally distinct processing stages (De Vincenzi & Job, 1995) , then the results of Experiment 4 should mirror those of sentence completion in Experiment 1b, namely, overall higher naturalness ratings for NP1 completions than for NP2 completions, reflecting a distant attachment bias. If task demands constrain the overall distant/local attachment preference, however, then the rating results in Experiment 4 should not correspond to exactly to the results of Experiment 1b, because these two experiments have substantially different task demands. More specifically, if the distant attachment preference in Experiment 1b was due to the production aspects of sentence completion, then rating results from Experiment 4 should look more similar to the pattern observed in selfpaced reading. Such a pattern would yield higher ratings for NP2 versus NP1 attachment in the NP2 easy condition, with less of a ratings advantage for NP1 versus NP2 attachment in the NP2 difficult condition. Regardless of the overall attachment preference, though, our modifiability account predicts that ratings should be higher for NP1 attachment in the NP2 difficult condition as compared with the NP2 easy one, yielding a reliable Modifiability x Attachment interaction.
Method
Participants. Fifty-six University of Southern California undergraduates participated for partial course credit. All were native speakers of American English and none had participated in Experiment 1 or 3.
Materials. Stimuli were taken from the 32 English sentences used in Experiment 3. Each item consisted of the complex NP and the disambiguated modifier, resulting in the same four conditions from Experiment 3. The final modifier was underlined. An example is presented in Table 5. Four counter-balanced lists were created, with an equal number of items from each condition and each item appearing only once in each list. Items appeared in a different random order on each list. Two examples and two practice items were also composed, which preceded the experimental items.
Procedure. The materials were presented on paper. Participants were instructed to rate, on a 7-point scale, how The puppy by a truck with floppy ears NP2 attachment disambiguation:
The puppy by a truck with chipped paint NP2 difficult condition NP1 attachment disambiguation:
The puppy by Jim's truck with floppy ears NP2 attachment disambiguation:
The puppy by Jim's truck with chipped paint natural the underlined modifier sounded in each sentence; a rating of 1 indicated that using the underlined modifier sounded very unnatural and a rating of 7 indicated that using the underlined modifier sounded very natural, with a rating of 4 being neutral. The entire procedure took about 15 min.
Results and Discussion
The overall mean rating was 4.17 (SD = 1.14); means in individual conditions are shown in Figure 4 . There was no reliable main effect of attachment or modifiability, but consistent with the results of Experiments 1-3, there was a significant Modifiability x Attachment interaction, F 1 (1, 55) = 29.81, p < .001, F 2 (1, 31) = 14.87, p < .001. Pairwise comparisons revealed that the nature of this interaction is such that ratings in the NP2 easy condition revealed no significant differences, whereas ratings were significantly higher for the NP1 attachment disambiguation in the NP2 difficult condition, F 1 (1, 55) = 14.45, p < .001, F 2 (1, 31) = 20.67, p < .001. In other words, there was no clear local attachment preference in the NP2 easy condition, but an NP1 attachment preference emerged in the NP2 difficult condition.
This overall pattern of data resembled the self-paced reading data from Experiment 3, in which no strong overall attachment preference emerged, and the data were inconsistent with the results of Experiment 1b, in which a strong distant attachment preference was found. These results indicate that substantial differences in interpretation can be found even among off-line tasks and further suggest that the discrepancies between the results from Experiments 1b and 3 may be due to differing task demands. Our specific hypothesis, that the production component of Experiment 1b was responsible for the overall distant attachment preference in that study, has not yet been exhaustively investigated; factors other than the production component may have affected performance in these two studies. Experiment 4 nonetheless makes the crucial point that differences between on-line and off-line results may not necessarily be due to temporally distinct processing stages (see De Vincenzi & Job, 1995) , but can instead vary substantially with the experimental task.
Beyond their relevance to the present study, these results offer an important cautionary note for current sentence processing methodology. A common practice in this field is to conduct extensive comparisons between data obtained in comprehension experiments and frequencies of usage occurring in a corpus of text (e.g., Gibson & Schütze, 1999; Spivey-Knowlton & Sedivy, 1995) . The correspondence between these two sources of data have been interpreted as support for constraint-based accounts of sentence processing (Hindle & Rooth, 1993; SpiveyKnowlton & Sedivy, 1995) , and failures of correspondence between comprehension and corpus data have been interpreted as evidence against constraint-based accounts (Gibson & Schütze, 1999; Mitchell & Brysbaert, 1998) . The data from the present experiments cast this debate in a new light, in that they demonstrate that comprehension data collected through different tasks may not be consistent themselves. Given this result, researchers on both sides of these issues will have to think carefully about how to interpret a correspondence, or lack thereof, between corpus data and comprehension data.
General Discussion
The experiments presented here yielded three important results. First, in both Spanish and English, and in both onand off-line tasks, there was a robust effect of NP modifiability on interpretation of an ambiguous PP modifier: As modification to an NP became less felicitous, attachment to other NPs became more likely, even if this resulted in distant attachment. Second, there were differences between Spanish and English comprehenders in overall attachment preference. In the non-specific condition, English compre-henders' on-line reading times were shorter for NP2 attachment than for NP1, whereas Spanish comprehenders showed no clear attachment preference. This pattern indicates that the Spanish comprehenders exhibited less of a preference for local attachment than did the English comprehenders. Third, although all three tasks (sentence completion, self-paced reading, and naturalness rating) revealed robust modifiability effects, there was a fair amount of variation in overall attachment preferences across tasks. In English, there was a distant attachment preference for the offline sentence completion data, whereas no clear preferences emerged in the off-line ratings task and on-line self-paced reading. This variation suggests that the nature of the task used, as well as the language being studied, should be taken into account when interpreting overall attachment patterns.
Taken together, these results suggest that crosslinguistic variation is strongly constrained by pragmatic information in both English and Spanish, but that pragmatic information is not the only constraint on attachment preferences. Thus, our results generally support constraint-based models of sentence processing (e.g., Garnsey et al., 1997; MacDonald et al., 1994; Spivey-Knowlton & Sedivy, 1995; . Moreover, the finding that the referential properties of individual NPs exert a significant influence on attachment preferences poses challenges for models that emphasize structural constraints on PP modification (e.g., Fodor, 1998; Frazier & Clifton, 1996; Gibson et al., 1996; Hemforth et al., in press; Mitchell & Cuetos, 1991) .
The pragmatic account we are proposing makes a strong prediction: The modifiability of an NP should affect the interpretation of modifier ambiguities in all languages. That is, we predict that pragmatic constraints of this sort are universal, and they will be evident in interpretation of all structural ambiguities in which more local constraints (such as lexical information) do not create overwhelming biases for one interpretation (Britt, 1994; MacDonald et al., 1994; Spivey & Tanenhaus, 1998) . The demonstration that modifiability constrains interpretation of one ambiguity in English and in Spanish is quite a long way from providing broad support for claims about the universal nature of discourse constraints, but it provides a solid step in extending the role of discourse constraints to languages other than English. In the next sections, we discuss the implications of our modifiability claims and the results of the present studies.
Cross-Linguistic Variation
As with any claim for cross-linguistic universals, the modifiability hypothesis proposed here offers no explanation for differences among languages. There clearly are differences in attachment preferences to complex NPs in English and Spanish, and Mitchell and Brysbaert (1998) suggested that no current models of sentence processing fully explain these differences. It is true that a great deal more work remains to be done to identify all of the factors that create attachment preferences within and across languages, but we suggest that other Gricean-based constraints may offer important insights into some amount of cross-linguistic variation. Frazier (1990) and Frazier and Clifton (1996) noted that for the genitive structures originally used by Cuetos and Mitchell (1988) , English has an alternative form whereas Spanish does not; specifically, both the prenominal genitive form (e.g., the colonel's daughter) and the prepositional genitive form (e.g., the daughter of the colonel) are acceptable in English, whereas only the prepositional form exists in Spanish. Frazier and Clifton (1996) proposed a Gricean account of cross-linguistic variation in this case, in which English speakers can, according to the maxim of manner (Grice, 1975) , avoid ambiguity by using the prenominal form to modify the daughter and the prepositional form to modify the colonel, resulting in local attachment for both structures. Because Spanish has no such alternative structures, the same structure must be used when modifying either element, resulting in distant attachment for the modification of the daughter. According to this view, differences in cross-linguistic attachment preferences can stem from comprehenders' recognition of the options available to speakers and knowledge of the consequences of certain structural choices.
Although Frazier and Clifton (1996) formulated this hypothesis within the construal framework, it also fits well within a constraint-based account of sentence processing. According to this view, comprehenders are sensitive to the distributional patterns that they have encountered in their language. These distributional patterns are created by speakers and writers whose utterances are shaped by constraints on production processes, including Gricean constraints (MacDonald, 1999; Thornton, Gil, & MacDonald, 1998) . In English, the availability of alternative constructions and the Gricean production constraints conspire to yield a distributional pattern in which NP preposition NP modifier structures are frequently used to convey the local modification interpretation, and other structures convey the meaning associated with distant modification. In Spanish, in which no alternative construction is available, the distribution of interpretations for this structure is very different. Thornton et al. (1998) argued that Spanish and English comprehenders' knowledge of distributional patterns in their language shapes their interpretation of modification ambiguities. It is clear, however, that this Gricean account alone will not account for the cross-linguistic data. Brysbaert and Mitchell (1996) ruled-out a strict Gricean account of cross-linguistic variation with evidence that Dutch speakers show an overall distant attachment preference even though the alternative prenominal genitive form is available in Dutch. In both our account and in construal, however, there is no claim that this constraint is the only one that shapes ambiguity resolution preferences; we have shown here that other factors, such as NP modifiability and even the kind of experimental task, can affect attachment pref-erences. Thus, we suggest that it is worthwhile to pursue a range of pragmatic factors in explaining cross-linguistic differences as well as cross-linguistic similarities. Indeed, spelling out the range of constraints that can shape crosslinguistic preferences is a challenge for all accounts of sentence processing.
Modifiability and Models of Sentence Processing
The demonstration that NP modifiability affects attachment to complex NPs has implications for the interpretation of other findings in the literature. First, previous studies of attachment to complex NPs (e.g., Cuetos & Mitchell, 1988; De Vincenzi & Job, 1995; Gibson et al., 1996; Gilboy et al., 1995) have confounded local versus distant attachment site with the amount of modification that each of the elements in the complex NPs have received. For example, in the ambiguity in (1), the first attachment site, the daughter is modified by the PP of the colonel, but the second site, the colonel, has no modification. On modifiability grounds, this second NP is therefore a more likely candidate for further modification than is the first NP, which has already received some modification. 2 Thus, it is unclear the extent to which attachment preferences that were observed in these prior studies should be attributed to modifiability constraints instead of, or in addition to, the structural constraints that were posited in these other studies.
Second, our investigation of modifiability has focused on noun modification ambiguities, whereas previous studies have investigated effects of similar constraints on other ambiguities (e.g., Altmann & Steedman, 1988; Britt, 1994; Spivey & Tanenhaus, 1998; Spivey-Knowlton & Sedivy, 1995) . In extending the notion of modifiability to complex NP modification, we have emphasized the role of NP identifiability, but unique reference is only one part of modification that happens to be particularly relevant to NPs. There are other modification ambiguities that differ in a number of ways from the ones studied here, yet discourse-relevant constraints still appear to play an important role in their resolution. Consider, for example, ambiguities such as (4): (4) Radford, 1988 , for discussion of crossed branches).
(spied/sunbathing). Although a number of processing theories assume that these ambiguities will be handled by strict parsing algorithms such as late closure (Frazier & Rayner, 1982) or recency preference (Gibson et al., 1996) , Thornton and MacDonald (1999) argued for a constraint-based approach that takes into account distributional patterns in the language and their origins in production processes. Following from work demonstrating that processing difficulty increases with phrase length (Ferreira & Henderson, 1991 Warner & Glass, 1987) , they demonstrated that the number of words separating the two sites has a substantial effect on on-line attachment preferences. Specifically, they found a local modification bias only when the second verb phrase is lengthened, as in (5): (5) These results suggest that the distance between the sites plays an important role in the comprehension of these structures (see Fodor, 1998; Gibson, 1998 , for more discussion on the role of length on processing). MacDonald (1999) interpreted these comprehension biases as emerging from distributional patterns in the input, such that the sequence VP1 + long VP2 + modifier is more frequently produced with an intended local attachment interpretation than with the distant attachment interpretation. These distributional patterns, in turn, stem from constraints on production such that short phrases tend to be uttered before longer phrases when this ordering is grammatical (Hawkins, 1994; Stallings, MacDonald, & O'Seaghdha, 1998; Wasow, 1997) . The sentences in (5) are counterexamples, in that a short PP through the curtains/in her bikini follows a longer phrase his eleventh grade chemistry teacher Mrs. Jones sunbathing. This phrase order is the only permissible one when the adverbial phrase modifies the local VP sunbathing, but when modification of the distant site is intended, other phrase orders can convey the same meaning while not violating the preferred short-before-long phrase order (e.g., through the curtains, Tim spied his eleventh grade chemistry teacher Mrs. Jones sunbathing). Given the availability of alternative phrase orders that convey modification of the first VP while better satisfying production constraints, MacDonald (1999) argued the sequence VP1 + long VP2 + modifier, while technically ambiguous, is overwhelmingly used to convey local (VP2) modification in English, and that comprehenders respond to these distributional asymmetries with a strong bias to interpret sentences such as those in (5) with local modification.
This approach, in which constraints on production create distributional patterns to which comprehenders are sensitive, has the potential to unify a number of seemingly disparate findings in the study of modification ambiguities. This approach provides an explanation of how the avail-ability of alternative structures, together with constraints on production, create different distributional patterns of utterances. The example just reviewed concerns production constraints on the ordering of phrases and the availability of an alternative phrase order for one interpretation but not the other interpretation. A second example concerns the Gricean constraints on production in English and Spanish (Frazier, 1990; Frazier & Clifton, 1996; Thornton et al., 1998) . English has an alternative phrase order that better satisfies Gricean maxims, whereas Spanish does not. In both examples, production constraints and the inventory of grammatical options in the language combine to yield a particular distributional pattern. Finally, modifiability can be viewed in exactly the same way: Speakers' needs to modify NPs to satisfy Gricean constraints create distributional patterns in which some amounts of modification are much more common than others and in which the amount of modification can vary with other factors, such as position in the sentence. In all three of these examples, the link to ambiguity resolution is the same: Comprehenders are sensitive to distributional patterns in the language and interpret ambiguous structures in accord with these patterns. From the point of view of comprehension, the actual origin of the distributional pattern (e.g., from Gricean constraints, length constraints, or other constraints on production) is likely to be less important than the regularity of the patterns in guiding ambiguity resolution. Thus, comprehenders need not always calculate complex discourse constraints in order to take this distributional information into account during ambiguity resolution; rather, they may need instead to be sensitive to much more local properties such as the order and length of phrases in the sentence. This approach clearly has many aspects that are severely underexplored at the present time, but it has the potential to unify ambiguity resolution, cross-linguistic variation, and production processes in a novel way. 
